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SYSTEM CONDITION SELECTION CIRCUITRY 

BACKGROUND OF THE INVENTION 

This invention relates to an improved apparatus for 
reducing the propagation delay time in the system con 
dition selection circuitry of a micreprogrammed digital 
data processing system. 

SUMMARY OF THE INVENTION 

Brie?y, an improved apparatus is provided for reduc 
ing the propagation delay time involved in the selection, 
from a plurality of available operational conditions 
provided in a microprogrammed digital data processing 
system, of a desired operational condition to be tested 
during performance of a microinstruction. 

It is therefore an object of this invention to provide 
an improved selection network for selecting conditions 
to be tested during microinstruction execution. 
Another object of this invention is to provide an 

apparatus which selects and tests a desired system con 
dition signal within the same clock period used for 
execution of a microinstruction. 
A further object of this invention is to provide an 

apparatus which, as a function of the operation code 
portion of a new macroinstruction, performs a preselec 
tion of a relatively small number of available opera 
tional conditions from which an internally stored mi 
croinstruction selects a particular desired operational 
condition in order to determine microinstruction se 
quencing. 
BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and advantages of 
the invention, as well as the invention itself, will be 
come more apparent to those skilled in the art in the 
light of the following detailed description taken in con 
sideration with the accompanying drawings wherein 
like reference numerals indicate like or corresponding 
parts throughout the several views and wherein: 
FIG. 1 illustrates a schematic block diagram of a 

prior art apparatus for selecting a desired operational 
condition; and 

FIG. 2 illustrates a schematic block diagram of a 
preferred embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, FIG. 1 discloses a 
prior art apparatus for selecting a desired operational 
condition to be tested during execution of a microin 
struction for use in determining microinstruction se 
quencing. As shown, a l2-bit long portion of a microin 
struction from a micro control storage or RAM (ran 
dom access memory) 11 is stored in a micro control 
register 13. As is well known in the art, a portion of this 
microinstruction is used in controlling data processing 
operations in the system. In this illustrated example the 
12-bit portion of the microinstruction, designated as S1 
through S12, is used to select for testing one of 32 oper 
ational conditions in the system. 
The 32 system conditions available for testing are 

divided into four groups of eight system condition sig 
nals each. These four groups are respectively applied to 
multiplexor (MUX) chips 15 through 18. Each of the 
multiplexer chips 15-17 is comprised of dual 4:1 multi 
plexers or two multiplexers, with each one of the dual 
4:l multiplexors receiving half of the associated input 
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2 
eight system condition signals. The multiplexor chip 18 
is comprised of an 8:l multiplexor. 

In operation, the bits 81-59 are selectively applied to 
the multiplexer chips 15-18 to enable the chips 15-18 to 
select and apply seven of the input system condition 
signals to an 8:] multiplexer 19. More speci?cally, the 
S1 and S2 bits are both used as the binary address for 
each of the multiplexers on the chip 15. In this manner, 
the chip 15 selects and applies two of its input system 
condition signals to the multiplexer 19. The multiplexor 
chips 16 and 17 operate in a manner similar to that of the 
chip 15, with the S3 and S4 bits being applied to the 
chip 16 and the S5 and S6 bits being applied to the chip 
17. In response to the bits S7, S8 and S9 of the microin 
struction, the multiplexer 18 selects only one of the 
input eight system condition signals for application to 
the multiplexer 19. 
A direct signal DR, which may be a ?xed signal, is 

applied from the micro control register 13 as the eighth 
input signal to the multiplexer 19. It should be noted at 
this point that the multiplexer 18 could be replaced with 
a dual 4:l multiplexor chip, like the chips 15-18, with 
the second output from that dual 4:] multiplexor chip 
replacing the signal DR. 

In responsse to the bits S10, S11 and S12 from the 
micro control register 13, the multiplexer 19 selects one 
of the input seven system condition signals from the 
multiplexer chips 15-18. This selected condition signal 
is applied to a condition test logic circuit 43 to enable 
the circuit 21 to answer an input “if statement" with a 
“test result". 

In the prior art test selection network of FIG. 1, it 
should be noted that there is a propagation delay from 
the time the micro control register 13 is set up through 
two levels of multiplexers (15-18 for one level and 19 
for the other level) before the test condition is applied to 
the test logic circuit 43. Where there is only a limited 
time for the selection and testing of a condition signal, 
such a propagation delay may be unacceptable for 
proper system operation. 
FIG. 2 illustrates a schematic block diagram of a 

preferred embodiment of the invention. Such a system 
condition selection network minimizes the propagation 
delay inherent in the prior art apparatus of FIG. 1. 

In FIG. 2 an 8-bit operation (OP) code portion of a 
new macroinstruction is loaded into an OP code regis 
ter 31. This OP code can be supplied directly from the 
system memory (not shown), from fetch (not shown) or 
from any other suitable source in the system. The OP 
code in the register 31 is used as the address to enable a 
pattern storage circuit 33, which could be, for example, 
a RAM, ROM or a PROM, but for ?exibility is prefera 
bly a random access memory (RAM), to read out an 
associated prestored pattern of select signals, designated 
as AS, BS, CS and DS. Each of the AS, BS and CS 
signals is a two-bit signal, while the DS signal is a three 
bit signal. 
The patterns stored in the RAM 33 are derived as 

functions of the various OP codes used in the system. 
Initially, an analysis of the entire OP code program used 
in the system revealed that, on the basis of the propaga 
tion time involved in test condition selection, not more 
than 7 of the possible 32 conditions to be tested would 
be required for any of the OP codes used in the pro 
gram. As a result, each of the patterns stored in the 
RAM 33 was preselected as a function of a particular 
OP code of a new macroinstruction to control the selec 
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tion of a particular seven of the 32 test conditions which 
might be required for testing for each macroinstruction 
of this macroinstruction. 
The 32 possible test conditions in the system are di 

vided into equally numbered groups A, B, C and D for 
application to multiplexor chips 34-37, respectively. 
The structure and operation of the chips 34-37 are simi 
lar to those of the chips 15-18 of FIG. 1. 

Select signals AS, BS CS andDS are respectively 
applied to the multiplexor chips 34-37 to enable them to 10 
select and apply seven of the 32 system condition signals 
on output signal lines AT, AB, BT, BB, CT, CB and D, 
respectively, as a function of the signal pattern from the 
RAM 33. Basically, the select signals AS, BS, CS and 
DS tell the multiplexor chips 34-37, respectively, which 15 
relative positions of the input system condition signals 
to place on the output signal lines. 
As shown in FIG. 2, the pair of output signals lines 

from the dual multiplexor 34 are designated as AT and 
AB. Likewise, the pairs of output signal lines from the 20 
dual multiplexors 35 and 36 are respectively designated 
as BT, BB and CT, CB. Finally, the output signal line 
from the multiplexor 37 is designated as D. 

5 

4 
register 41, are used to address the multiplexor 39 to 
enable the multiplexor 39 to select one of the prese 
lected seven system condition signals (which it will be 
remembered is selected to response to the OP code of 
the macroinstruction) applied from the multiplexor 
chips 34-37. It should be noted at this time that, for any 
microinstruction wherein no system condition signal is 
needed or desired to be selected and tested, the binary 
states of the control signal are such that the direct input 
signal DR is selected by the multiplexor 39. 
The system condition signal selected by the multi 

plexor 39 is utilized by a condition test logic circuit 43 
to develop a test result in response to an input “if state 
ment" from another part of the system. Essentially, the 
logic circuit 43 determines whether the “if statement” is 
true or false, based on the binary state of the selected 
system condition signal. 
The following simpli?ed TABLE illustrates various 

preselected system condition signals that can be selec 
tively outputted by the multiplexor chips 34-37 in re 
sponse to corresponding prestored signal patterns de 
veloped by the pattern storage RAM 33 as a function of 
associated OP codes. 

TABLE 
Preselected Test Conditions Preselected Test Conditions 

OP to MUX 39 OF to MUX 39 

Codes AT AB BT BB CT CB D Codes AT AB BT BB CT CB D 

01 2 2 I l 28 2 2 4 
02 2 2 0 0 l l 2 29 2 2 4 
O3 2 2 l l 30 2 2 4 
04 2 2 0 0 I l 2 3] 2 2 4 
05 U 0 3 32 2 2 4 
O6 2 2 3 3 3 33 2 2 4 
07 l l 0 0 0 0 34 2 2 4 
08 3 3 0 0 35 2 2 l l 4 
09 l l 0 O l l l 36 2 2 l l 4 
l0 2 2 0 0 3 3 l 37 2 2 l l 4 
11 U 0 U 0 0 0 0 38 2 2 l l 4 
l2 0 0 0 O 0 O 0 39 2 2 l l 4 
l3 1 l 40 2 2 l l 4 
l4 1 l l l 0 0 0 41 2 2 l l 4 
l5 5 42 2 2 l 1 4 
l6 1 l 0 O 0 43 2 2 l l 4 
l7 0 0 l l 44 2 2 4 
l3 0 (J l l 45 2 2 0 O l l 2 
l9 0 O 0 0 I l 46 2 2 0 O l l 2 
2O 3 3 3 3 3 47 2 2 3 3 3 
21 3 3 3 3 3 48 2 2 4 
22 3 3 3 3 3 49 l l 2 2 7 
23 0 0 0 50 0 O 0 0 5 
24 2 2 5 5] l l 2 2 
25 0 0 l l l l 0 52 0 0 3 3 7 
26 2 2 4 53 O 0 3 3 7 
27 2 2 4 

The selected seven system condition signals are ap 
plied as inputs to an 8:] multiplexor 39. A direct input 
signal DR, which may be a ?xed signal, is applied from 
micro control register 41 as the eighth input signal to 
the multiplexor 39. 
As noted before in relation to the multiplexor 18, the 

8:1 multiplexor 37 could be replaced with a dual 4:1 
multiplexor chip, with the second output from that dual 
4:] multiplexor chip replacing the signal DR. 

55 

During the performance of a macroinstruction in the 60 
digital data processing system, the micro control regis 
ter 41 sequentially receives one or more microinstruc 
tions from a micro control storage circuit (FIG. 1) in a 
manner well known in the art. For example, a microin 
struction can be provided in a manner similar to that 
illustrated and described in US. Pat. No. 4,038,643. 

Binary states of a three-bit control signal, which is 
part of the microinstruction stored in the micro control 

65 

In the TABLE the number (0, l, 2, 3, 4, 5, 6 or 7) 
shown beneath each of the output signal lines of AT, 
AB, BT, BB, CT, CB and D designates (by input posi 
tion) which of the system condition signal inputs to a 
multiplexor chip appears on the associated output signal 
line or lines. Thus, the numbers 0, l, 2 and 3 respectively 
represent the first through the fourth input positions of 
the system condition signals applied to each half of each 
of the dual multiplexor chips 34, 35 and 36. Similarly, 
the numbers 0, l, 2, 3, 4, 5, 6 and 7 respectively repre 
sent the first through the eighth input positions of the 
system condition signals applied to the multiplexor chip 
37. 

If no number is shown under an output signal line for 
a given OP code, it does not matter which input test 
condition signal is placed on that output signal line 
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wecause in operation it will not be selected by the multi 
piexor 39. 
To further illustrate the above, with an OP code of 

49, for example, the system condition selected by the 
multiplexor 39 will only be one of the two second inputs 
to the dual multiplexer 34, one of the two third inputs to 
the dual multiplexor 35, or the seventh input to the 
multiplexor 37. 

In comparing the preferred embodiment of the inven 
tion shown in FIG. 2 with the prior art shown in FIG. 
1, it can be readily seen that one whole level of propaga 
tion delay time in the system condition selection path 
has been eliminated by the invention. Thus, in FIG. 2 
the total propagation delay time in the selection path is 
substantially through only one level of multiplexing, 
namely through the multiplexor 39. 

It will be recalled that the preselected seven system 
conditions applied to the multiplexer 39 were selected 
by a signal pattern from the RAM 33, which signal 
pattern was in turn selected as a function of the macro 
instruction OP code stored in the register 31. Conse 
quently, these preselected seven system condition sig 
nals are applied to the multiplexor 39 during the time 
period or duration of an entire macroinstruction. This 
means that, even though the microinstruction stored in 
the register 41 is repeatedly changed by the micro con 
trol storage (FIG. 1) during an entire macroinstruction 
period, substantially the only propagation delay time 
encountered during the selection of a different one of 
the preselected system conditions will be that through 
the multiplexer 39. 
The invention thus provides in one embodiment an 

apparatus for reducing the propagation delay time in 
volved in selecting a desired system condition signal 
from a plurality of such signals by automatically prese 
lecting a set of system condition signals from a plurality 
of input system condition signals as a function of the 
input OP code portion of the current macroinstruction, 
and then selecting a desired one of the set of system 
condition signals as a function of each of the microin 
structions selected to perform this macroinstruction. 

While the salient features have been illustrated and 
described in a preferred embodiment of the invention, it 
should be readily apparent to those skilled in the art that 
many changes and modi?cations can be made without 
departing from the spirit and scope of the invention. It 
is therefore intended to cover all such changes and 
modi?cations of the invention that fall within the spirit 
and scope of the invention as set forth in the appended 
claims. 
What is claimed is: 
1. In a digital data processing system wherein data 

processing is performed by performing a plurality of 
macroinstructions, wherein each macroinstruction in 
cludes an operation code portion indicating the type of 
data processing to be performed thereby, and wherein 
each macroinstruction is performed by one or more 
microinstructions, an improved system condition signal 
selection means for selecting from a relatively large 
number of system condition signals provided by said 
system during operation thereof a particular system 
condition signal to be tested during each microinstruc 
tion, said improved system condition signal selection 
means comprising: 

operation code storage means for storing the opera 
tion code portion of each~new macroinstruction to 
be performed; 

a memory for storing a plurality of predetermined 
signal patterns, each signal pattern being respec 
tively associated with a different operation code, 
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6 
said memory being responsive to an operation code 
stored in said operation code storage means for 
outputting the respective signal pattern associated 
therewith; 

?rst selection means operative prior to the perfor 
mance of the microinstructions corresponding to 
said new macroinstruction, said ?rst selection 
means being responsive to a signal pattern output 
ted from said memory for preselecting a particular 
relatively small plurality of system condition sig 
nals from said relatively large plurality of system 
condition signals and for maintaining this preselec 
tion throughout the performance of the microin 
structions of the macroinstruction corresponding 
thereto; 

microinstruction storage means for sequentially stor 
ing each microinstruction to be performed, each 
microinstruction including a predetermined por 
tion for use in selecting a system condition signal to 
be tested during execution of the microinstruction; 
and 

second selection means operative in conjunction with 
the performance of each microinstruction, said 
second selection means being responsive to said 
predetermined bits of the microinstruction stored 
in said microinstruction storage means for selecting 
one of the preselected relatively small number of 
system condition signals for testing during perfor 
mance of the microinstruction. 

2. The invention in accordance with claim 1, wherein 
said ?rst selection means comprises a plurality of prese 
lection multiplexors. 

3. The invention in accordance with claim 2, wherein 
the signals of a signal pattern outputted from said mem 
ory in response to an operation code in said operation 
code storage means are applied to particular ones of said 
preselection multiplexors in a manner such that the 
outputs from said preselection multiplexors represent 
the relatively small plurality of preselected system con 
dition signals corresponding to the macroinstruction 
whose operation code is stored in said operation code 
storage means. 

4. The invention in accordance with claim 2, wherein 
said second selection means comprises a multiplexor. 

5. The invention in accordance with claim 3, wherein 
said second selection means comprises a multiplexor 
which is responsive to a microinstruction stored in said 
microinstruction storage means and also to the outputs 
of said preselection multiplexors for selecting one of the 
preselected system condition signals represented by the 
outputs of said preselection multiplexors for use during 
performance of each microinstruction. 

6. The invention in accordance with claim 1, 2, 3, 4 or 
5, wherein each of said operation code storage means 
and said microinstruction storage means is a register, 
wherein said memory is a random access memory, and 
wherein said signal patterns provided therein are 
chosen so that the application of an operation code to 
said random access memory from said microinstruction 
register produces a pattern of output signals from said 
memory which represents the particular system condi 
tion signals which might be required to be tested during 
performance of the microinstructions corresponding to 
the macroinstructions whose operation code is stored in 
said operation code register. 

7. The invention in accordance with claim 6, includ 
ing condition test logic for testing the resulting system 
condition selected by said second selection means. 

i i i i i 
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